This paper discusses preliminary research on using photoinduced luminescence phenomena in determining the structural properties of humic acids extracted from the bottom sediments of two lakes. The lakes examined differ in the hydrochemical parameters of the water body, as well as in the drainage basins surrounding the lakes. Photoinduced luminescence of humic acids was induced with a halogen light of 1500 µmol m -2 s -1 photon flux density. The differences observed are evidence of both the variable qualitative and quantitative contribution of photoluminophors to the structure of the examined humic acids, and of their different photochemical activity. Furthermore, photoinduced luminescence intensity depends on the degree of transformation of the humic acids.
INTRODUCTION
Humic substances (HS) are among the most interesting organic compounds in the aquatic environment. They are the most representative part of stable organic carbon existing in the biosphere. In natural waters, HS contain 60-90% of the total organic carbon (Ishiwatari 1985) . The amount of HS in bottom sediments depends mainly on water productivity and inland runoffs. As products of the condensation of plant and animal residues, HS show strong resistance to biological and chemical degradation and play an important role in biogeochemical processes (Zsolnay 1997 , Garton et al. 1993 .
For the last several years, dynamic development in instrumental methods has been observed. Because of this, thorough studies on the chemical nature of HS have become possible. Molecular spectroscopy is an especially important method in the study of the structural properties of HS. Spectroscopic measurements within various electromagnetic spectrum ranges provide information about the physicochemical properties of HS, as well as about changes in the structure of compounds in the process of the formation of HS. The measurements also show the mechanisms of interaction between HS and environmental factors (MacCarthy and Rice 1985 , Senesi 1992 , Heyes 1999 , Gołębiowska 2004 . As luminescence measurements seem to be quite simple, quick, and highly sensitive, methods using the luminescence properties of substances are now considered to be very promising. In the case of photoluminescence, this can be induced with ultraviolet, visible, or infrared radiation. Studies on various signs of luminescence may provide detailed information about the chemical composition and properties of the material examined, as well as about processes occurring after induction has taken place (Lipski et al. 1999 , Brzóstowicz 2002 , Alberts and Takacs 2004 .
MATERIALS AND METHODS
The subject of the study was humic acids (HA) that had been extracted from bottom sediments collected in two lobelian lakes. These lakes differ in terms of their geomorphometric parameters, as well as in trophic state and in the type of drainage basin.
1. Lake Święte is a small, shallow body of water. Its surface area is 4.9 ha and its maximum depth is 6.4 m. It is situated in a diversified landscape of a frontal moraine. It is long and rectangular in shape. Its shoreline is not very diversified. The lake drainage basin is 81% covered by agricultural land use. Lake Święte is classified as a distrophic lake (Kraska et al. 1996) .
2. Lake Kwisno is larger with a surface area of 8.6 ha and a maximum depth of 13.7 m. It is mainly surrounded by a pine forest that accounts for 98.5% of the total drainage area. Based on analysis reported by Kraska et al. (1996) , Lake Kwisno is an oligotrophic lake. The sediments were sampled during summer stagnation from the surface layer (0-20 cm) in the littoral zone and in the profundal zone (the area with the maximum depth in a lake). HA were extracted from dried, ground sediments using a modified version of Schnitzer's method (Schnitzer and Skiner 1968) . In the all the HA samples, the elemental composition of CHN was determined with a CHNS/O analyzer by Perkin Elmer. The content of the functional groups was determined by Dragunowa and Kucharenko methods (Kononowa 1968) . In order to obtain photoinduced luminescence measurements (FL), the HA were dissolved in 0.1 M NaOH (pH =11). All the examined HA had the same carbon content (1 mgC/100 ml of HA solution). The measurements of induction and recording of the FL intensity of HA solutions were performed with a Prokowski (Prokowski 2001 ) device for continuous FL recording of liquids and suspension (Fig. 1) . The FL of HA solutions were induced within 0.5 second by a halogen light of 1500 µmol m -2 s -1 photon flux density. The FL intensity was recorded within the wavelength range of 400 to 600 nm, and within the time range of 0.1 to 0.6 second after induction. 
RESULTS AND DISCUSSION
There are no statistically significant differences in the elemental composition between HA that originated from littoral and profundal sediment samples in the same lake (Table 1) . However, there are differences in the elemental composition of HA from different lakes. The analysis of C/N and H/C is especially useful, as the ratios reflect the course and conditions of humification and mineralization of organic matter. The results given in Table 1 , and in Mielnik's studies (2001) carried out on the properties of humic acids in lake bottom sediments of different pH, show that the HA molecule extracted from Lake Święte contains relatively more aromatic groups. At the same time the nitrogen contribution to the molecule, in relation to the HA extracted from Lake Kwisno sediments, decreases.
Furthermore, the differences in C/N and H/C ratios between the lakes investigated indicate differences in the material forming the sedimentary organic matter in those lakes. They also indicate a different degree of humification of matter. Higher C/N and lower H/C indicate that the humification of organic matter in the bottom sediments of Lake Święte occurs at a slower rate than it does in the bottom sediments of Lake Kwisno. The functional groups in HA structure play a considerable role. HA of the bottom sediments of both lakes contain the same number of carboxyl groups -COOH, but they differ in the number of the phenol groups -OH. HA in Lake Kwisno sediments have substantially more of those groups than the HA in Lake Święte sediments.
The tendency of changes in the content of the analyzed functional groups, depending on HA origin in both lakes, is the same. HA extracted from profundal sediments have more phenol groups -OH than does HA in the littoral sediments sampled in both lakes. Although elemental analysis shows no Table 1 Elemental composition (in atomic % adjusted to ash-free mass) and the content of functional groups (mmolH + mgHA -1
) of studied humic acids. differences in the elemental composition of HA extracted from the bottom sediments of a given lake, luminescence measurements reveal them. Statistically significant differences were observed in FL intensity between the examined HA (Fig. 2) . This may be evidence of differences in the structure of HA sampled in one lake, but at different places, or of the difference occurring between the lakes. The FL is higher for HA from the littoral sediments, but it is lower for HA from the profundal sediments. The intensity of the FL of HA from the sediments sampled in Lake Święte is smaller than of those coming from Lake Kwisno sediments. The differences may be evidence of the variable quantitative and qualitative contribution of photoluminophors in the structure of the examined HA molecules, as well as of their different photochemical reactivity. The more cross-linked the HA structure is, the more aliphatic groups it contains, and the higher FL is. FL also depends on the number of the phenol groups in the HA molecule. Higher FL was recorded for HA which have a smaller number of phenol groups -OH.
CONCLUSIONS
Preliminary research on using photoluminescence as an indicator of determining the properties of humic substances shows that photoinduced luminescence intensity significantly diversifies the examined humic acids. As the investigations also show, the luminescence properties of humic acids result Fig. 2 . Values of FL intensity of humic acids extracted from the sediments from the studied lakes (L-littoral; P-profundal).
from their structure as well as the character of bonding of the HA molecule. The more aliphatic groups the HA molecule contains, the higher is the photoinduced luminescence intensity recorded.
Photoinduced luminescence intensity connects with the degree of transformation of humic acids extracted from the lake sediments. The less degraded the HA molecule is, the higher photoinduced luminescence intensity is.
